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Invention Titles 

A SOLVENT EXTRACTION PROCESS FOR SEPARATING COBALT 
AND/ OR MANGANESE FROM IMPURITIES IN LEACH SOLUTIONS 



t 

The invention is described in the following statement: 
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A 30I*VEKTP EXTRACTION PROCESS FOR SEPARATING COBALT AND/OR 
MANGANESE FROM IMPURITIES IM MACH SOLUTIONS. 

The present invention relates to a process for separating 
5 cobalt and/or manganese from calcium and magnesium 

contained in an aqueous solution such as an aqrueoug leach 
solution, and for recovering the cobalt and/or manganese 
where desired* 

10 The world mineral industry is experiencing an 

unprecedented interest in metal extraction from laterlte 
and sulphide ores through hydroaatallurgioal processes* 
Commonly, the hydrometallurgical process involve* 
grinding, leaching and solvent extraction (SX) , with 

15 recovery of product via precipitation, or reduction 
processes. The intensity of the leaching process 
(temperature, pressure, bio) depends on the nature of the 
ore (mineralogy, grade), the distribution of the metal (s) 
to be recovered and the particle size reduction achieved 

20 during grinding* beach solutions often contain copper, 

nickel, cobalt and zinc (and/or manganese) as metals to be 
recovered (target metals), with calcium, magnesium, iron 
and aluminium (and manganese if not be to be recovered) as 
impurity metals to be rejected. Iron (as ferric) and 

25 aluminium are often removed by precipitation at low pH (pH 
2.5 ~ 5*0) prior to SX. 

Separations of industrial significance that have proven to 
be particularly troublesome includes 
3 0 - the separation of cobalt (and optionally nickel) from 

manganese (and calcium and magnesium) , where 
manganese is to be rejected, and 
- the separation of manganese (and cobalt and nickel) 
Zrorp. calcium and magnesium, where manganese is to be 
35 recovered. 
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Traditionally, sulphide or hydroxide precipitation 
followed by re-leach processes have bean used by industry 
to effect these separations, 

5 Drawback* of sulphide precipitation includes 

• The separation of manganese from cobalt by sulphide 
precipitation is incomplete and causes problems in the 
downstream proc«i«^« 

• The re- leaching of Sulphides needs high temperature and 
10 pressure, indicating high capital and operating coats. 

• The Reparation of copper and ainc fxram nickel and cobalt: 
needs separate processes. 

The dravbACks of the hydroxide precipitation process 
15 includes 

• The use of magnesia as precipitation agent (if -used to 
prevent gypmim formation) add* cost to the operation, 

• Manganese is partially precipitated * 

• The use of ammoniacal leaching* (if need) to separate 
20 cobalt from manganese results in complexity of the 

flowsheet and causes serious problems in the downstream 
processes. 

• Ammonia is expensive and the scmibbing and recovery of 
ammonia are difficult. 

25 « The separation of copper and ainc from nickel and cobalt: 
needs separate processes. 

It lis an object of the invention to provide alternative 
processes for: 

30 - Separating cobalt from calcium and magnesium, and 

optionally manganese/ especially for solutions 
deficient In nickel, and 
- Separating manganese from calcium and magnesium, 
especially for solutions deficient In cobalt and 

35 nickel. 
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Summary of the Invention 

The present: invention is generally based on the 
development of an organic solution o£ a carboxylic acid 
5 and a fcydroxyoxiaie which is effective in shifting the pH 
isotherm* of nicfcel, cobalt, copper, sine, magnesium, 
m an g a n ese and calcium in such a way as to enable 
separation of certain groups of these elements from each 
other. In particular, the Isotherms of the elements 

10 copper, sine, nickel and cobalt are separated from the 
isotherm of manganese to allow effective separation of 
manganese from these elements. Further, the isotherm of 
manganese is sufficiently separated from the isotherms of 
calcium and magnesium to allow effective separation of 

15 these elements .from each other. Thus, when used in 
combination with cart sin leach solutions containing 
appropriate levels of elements, and in appropriate pH 
conditions, it becomes possible to separate (and 
optionally thereafter recover) cobalt and/or manganese 

20 from calcium and magnesium. 

According to the present invention there is provided a 
process for the separation of cobalt and/or manganese from 
impurity elements selected from one or mora of calcium and 
25 magnesium contained in a laach solution, the process 

comprising the step of subjecting the leach solution to 
solvent extraction using a carboxylie acid and a 
hydr oxyoacime - 

30 The present invention is a particular example of a more 
general process for separating one or more of nickel, 
cobalt and manganese from the impurity elements calcium 
and magnesium contained in a leach solution, which process 
comprises the steps of subjecting the leach solution to 

35 solvent extraction using a carboxylic acid and a 

hydroxyoxime. The process of the invention that is the 
subject of this application is particularly suited to 
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leach solutions containing low levels of nickel, since 
nickel has slow extraction tud stripping kinetics in the 
absence of further additives* 

5 Olio solvent extraction step described above achieves very 
good separation of cobalt (and/or manganese) present in 
the leach solution from (manganese,) calcium, magnesium 
end chloride impurity elements which may be present, and 
good separation of cobalt from manganese if cobalt is to 

10 be recovered and manganese is to be rejected as an 

impurity element, if sine and copper are present, the 
process comprise© separation of zinc, copper, cobalt 
and/or manganese from impurity elements selected from one 
or more of calcium and magnesium contained in a leach 

X5 solution, the process comprising the step of subjecting 
the leach solution to solvent extraction using a 
carboxylic acid and a hydroxyoxime , 

According to one embodiment, the elements cobalt and/or 
20 manganese extracted into the organic phase during solvent 
extraction are recovered therefrom. Where the organic 
phase of the extraction step contains primarily cobalt or 
manganese alone, the recovery step may comprise bulk 
stripping of the element from the organic phase. The bulk 
25 stripping may optionally be combined with ion exchange to 
remove any minor amounts of impurity elements, suoh as 
sine, copper and nickel to improve the purity of the 
recovered elements * Another optional process for 
improving the purity of the recovered element is sulphide 
30 precipitation. Sulphide precipitation is more united to 

precipitation of any minor amounts of copper, sine, cobalt 
and nickel present in the manganese recovered from 
stripping. 

35 in the situation where the leach Solution contains both 
cobalt and manganese, the recovery step may comprise 
selective stripping of the organic phase to separate the 
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mauguMitt from the cobalt:* Vhe manganese may there After 

be recovered from the loaded etrip liquor, and the cobalt 
r*dov»red from the selectively stripped organic solution 
by bulk stripping. 

5 

Brief Description of the Drwinga 

The invention will be described in further detail with 
reference to the following figures which relate to 
10 preferred embodiment* of the invention. 

figures 1 end 2 are graphs comparing extraction pH 
i not hems of metals using a comparative extraction system 
(Figure 1) and the extraction system of one embodiment of 
15 the invention (Figure 2) . 

Figure 3 is a graph showing the extraction kinetics of 
metals from a leach solution using the extraction system 
of one embodiment of the invention. 

20 

Figure 4 is a graph showing the stripping kinetics of 
metals from a loaded organic phase from the extraction 
system of one embodiment of the invention* 

25 Figure 5 is a graph comparing stripping kinetics of cobalt 
using a comparative extraction system and the extraction 
system of one embodiment of the invention 9 

Figures 6 and 7 are graphs comparing extraction pH 
30 isotherms of metals using a comparative extraction system 
(Figure 6) and the extraction system of one embodiment of 
the invention (Figure 7) . 

Figure 8 is a graph showing the extraction kinetic* of 
35 manganese from a leach solution using the extraction 
etystem of one embodiment of the invention* 
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Figure 9 is a graph showing the stripping kinetics o£ 
man&ranese from a loaded organic phase from the extraction 
system of a on* embodiment of the invention. 

5 Figure 10 a schematic flow chart of the* steps of the 
proceaa of on* embodiment of the invention. 

Figure 11 is a schematic flow chart of the step* of the 
process o£ a second embodiment of the invention* 

10 

Figure 12 is a schematic f loir chart of the steps of the 
process of a third embodiment of the invention. 

Figure 13 Is a schematic flow chart of the steps of the 
15 process of a fourth embodiment of the invention. 

Detailed Description of the invention 

At the core of the present invention is a synergistic 
20 solvent extraction step which effects extraction of a 

large proportion of the nickel, cobalt, copper, and zinc 
into an organic phase (to the extent that these elements 
are present) , with a large proportion of the calcium, 
magnesium, and chloride being rejected to the agueous 
25 phase. Depending on the pH selected, the manganese can 
report to either the organic phase or the aqueous phase $ 
as is chosen for a particular leach solution* *rhe solvent 
extraction is conducted with a combination of oarboxylie 
acid and a hydroaoroxlme synergist. 

30 

The hydroxyoxime synergist is capable of increasing the pH 
gap, ApHao, between isotherms for nickel and cobalt and 
that for manganese, and between the isotherm for manganese 
and those for calcium and magnesium. This results in 
35 advantageous selectivity of nickel and cobalt and 

optionally manganese, over th« impurities (manganese) , 
calcium, magnesium and chloride. 

Hi\«UBBBpMceep\caimi - *iJ?40 • Ca 27/07/04 
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The pHso value in the ph at which BOH metal extraction is 
achieved. *hus, ApH 5 o is the difference between the pE 50 
values for two metals, or the difference between the pR» 0 
5 values for tha 0ame metal und«r dtf f erent extraction 
conditions ♦ 

Carboaeylic acid 

In tha most prof arrad embodiment of tha invention, the 
10 carboaeylic acid ia 2 -methyl r 2-ethyl heptonoicic acid 
(commercially available aa Versafcic 10) or a cat ionic 
oxohangg extraotant bavin? extraction oharactariatica 
similar to 2-methyl, 2 -ethyl haptaxioic acid could be used. 
Cationic exchange extractante have hydrogen iona which Are 
15 exchanged with metal iona in the aqueous solution* The 
term carboxylic acid ia used in its broadeat sense to 
refer to any organic carboaeylic acid, carboxylic acids 
have the formula RCOOH, in which R represent* any 
optionally substituted aliphatic or aromatic group, or 
2 0 combination* of the em groups, including optionally 

substituted alkyl, alkenyl, alkynyl, aryl, or heteroaryl 
groups (and combinations thereof)* Preferably R 
represents a relatively bulky group containing at least 4 
carbon atom*, and preferably between 4 to 18 carbon atoms. 

25 

•The term m alkyl <r used either alone or in a compound word 
such as ^optionally substituted alkyl" or ^optionally 
substituted cycloalkyl" denotes straight chain branched or 
mono- or poly-cyclic alkyl, preferably CX-30 alkyl or 

30 oyoloaikyl, most preferably C4-18 alkyl. Example© of 

straight chain and branched alkyl include methyl , ethyl, 
butyl, isobutyl, tort-butyl, 1,2-dimethylpropyl, 1- 
methylpentyl, 5-methylhexyl, 4 , 4 -dimethylpentyl 1,2- 
dimethylpentyl, l,S-dlmethylpentyl, 1,1,2 - 1 r ime thylbutyl , 

35 nony 1 , 1- 2- or 3-propylhe*yl, dactyl, 1-, 2-, 3-, 4-, 5- 
or 6-ethyloctyl, 1-, 2-, 3-, 4- or 5-propyloctyl, 1-, 2- 
or 3-butylheptyl, 2-hexyl 2-metfayloctyl and the like* 

Bi\ikUM«u«!\)e«ep\CflXRO - fStlT«& . to Ha. doc zi/Qi/Qi 
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Kxamples of cyclic alkyl include cyclohexylj cyclofaeptyl, 
oyoiooetyl, cyolononyl and cyclodeoyl and the life,, -n^ 
alkyl may optionally be aubstituted by any non-deleterious 
aubatitueut. 

5 

Xn this opacification -optionally aubstituted" ttMns that 
* group may or «y not b* further subatituted with one or 
^ flroup8 from alkyl, alkenyl, alkynyl, aryl, 

Halo, haloaikyl, haloalkenyl, hnloelkynyl, haloaryl, 

10 hydroxy, alkoay, alkenyloxy, aryloxy, benzyloxy, 
haloalkoxy, haloalkenyloxy, haloaryloxy, nitro, 
nitroalfcyl, nitroalkenyl, nitroalkynyl, nitroeryl, 
nitroheterooyclyl, amino, alkylamino, dialkylamino, 
alkenylamino, nlkynylamino, axylamlno, diarylamino, 

15 benaylamino, dibanaylamino, acyl, alkenyiaoyl, 

elkynylaoyl, arylacyl, acylamino, diacylamino, aoyloxy, 
*ikylaulpboaylo a «y, arylsulphenyloxy, hetarocyolyl, 
hoterocyolcwy, heterocyclamino, halofaateroeyolyl, 
alkyleulphenyl, arylsulphenyl, carl^alJeoxy, oarboaryioxy, 
20 neroapto, mlkylthiom benaylthio, aoylfchio and the lik*. 

Suitable optional aubatituents will be chosen on the baaia 
that tba carboxylle acid bava tha dealred extraction 
characteristics, and tba subetitueats do not raaot with 
any othar component of tha Mixture under- tha given 
extraction conditions. 

Hydro jcyoxime 

A hydroxyoxime ± fi « S ad aa a synergist with the carboxylic 
aoid in tba solvent extraction step, a hydroxyoxime is a 
compound containing an oxime group and a hydroxy group. 
Preferably, the groups are in an fit-position with respect 
to each other, such a-hydroxyoximes are chelating, 
whereas oximes are generally non-ohalating and thus behave 
differently. The *oxime« functional group contains a 
oarbon to nitrogen double bond, with the uitrogan atom 
heing attached to an oxygen atom. Accordingly, the term 



25 



30 



35 
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oxime include* within its scop* oximes with a hydroxy 
group attached to the nitrogen atom, and okine ethers, 
although bydroxime Oe-Bi-OH) is preferred. Th. 
hydroxyoxime mey be a C8-C26 bydroxyoxime . Preferably, 
tha hydroxyoxime 1» an aliphatic bydroxyoxima. 
Preferably, the hydroxyoxime is of tha formula $ 



R'- 

HO : N OH 



-C CH- 

II f 



in which *• and R" are each salactad from an optionally 
eubstttuted, straight chaJja, branched or cyclic alky!, 
group containing from 2 to 12 carbon atoms. Preferably 
each of »» and R- are uneubstituted alkyl groups, most 
preferably a heptyl group. An example of such a compound 
Is S,8-diathyl-7-hydroxy-6-dodecanone oxime (the active 
component of a commercial agent, hlx 63) . This has tha 
15 following structures 

- r r 

ii 

no u ok 



ijaach solution 

Whe leach solution subjected to the synergistic advent 
extraction with aarboxylic acid and hydroxyoxime may be 
any type of leach solution containing cobalt and/or 
manganese, together with impurity elements selected from 
one or more of calcium, magnesium, (manganese) and 
chloride, optionally together with copper and zinc. 
Preferably, the leach solution is one containing little 
nickel. 

In this respect, the leach solution suitably contains less 
than lOOppm nickel, or any other low level that does not 
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warrant recovery for ©conomic rtteons . Where cobalt: is to 
*° "covered, the nickel is suitably present in any amount 
of lew than 50* of that of cobalt (for example, <100ppm 
nickel, >2oQppm cobalt) , 

5 

According to one embodiment, the leach solution may- 
contain the following levels of elements: 

Nii 0 - 100 ppm 
10 cos 100 ppm - 5 cr/x, 

Cur 0 - loo ppm 

Zn* 0*2 - 2 g/Ii 

Cae saturated (0*5 - 0*7 g/X,) 

Mat 1-50 g/L 
15 Kgx 2 - 100 g/L 

She leach solution may for instance be a pregnant leach 
solution obtained from the pressure acid leaching of any 
suitable ore type, such as a later! te or sulphide ore, Jt 
20 may alternatively be a solution from bio-leach, 

atmospheric acid leach, oxidative leach,, reductive leech, 
chloride leach or any combination of these leach 
processes. The steps involved in producing such leach 
solutions are well known in the art. 

25 

tthe leach solution is preferably a solution that has been 
subjected to a preliminary iron and/or aluminium 
precipitation step to precipitate out iron and/or 
aluminium to leave an aqueous leach solution containing 
30 the target elements and ingnirity elements identified 

above* The leach solution may alternatively or further 
have been subjected to one or more additional treatment or 
processing stages. 

35 Synargistio solvent extraction conditions 

The solvent extraction step involves contacting an organic 
solvent containing the carboxyiic acid and hydroxy oxime 
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with the (aqueous) leach solution. The organic solvent 
may be any suitable organic advent known in the art. 
Kerosene ia the most common solvent/diluent used Cor this 
purpose due to its low cost and availability. Shelleol 
3046 is one specific example. 

The amount of carboxylic acid and hydraxyoxiina in the 
organic solution used in the solvent extraction step will 
depend on the concentration of the (nickel), cobalt (and 
optionally manganese) or both to be extracted and the A/o 
(aqueous/organio) flow rate ratio. The concentration would 
typically be in the range of from 0.1 to 2.0 M for 
oarboacylio acid, with a preferred range of 0.1 to 1.0M, 
and 0.05 to l.o M for hydroxyoxlme. 

Preferably, the pa of the abacus phase is maintained in a 
range from 3,5 to 5.0 and mora preferably 4.0 to 4.5 in 
the extraction step if manganese is to be rejectad. 
Preferably, the pH of the aqueous phase is maintained in a 
range from 5.5 to 7.0 and more preferably 5.8 to 6.3 in 
the extraction step if m a n gan e se is to be recovered. The 
temperature is preferably maintained in the range of from 
10°C to 60°C, more preferably from 20 to 40*C. Whilst 
temperatures as low as 10°C are achievable, a temperature 
lower than ls°C results in high viscosity. At temperatures 
higher than 60*C there is a risk of evaporation and 
degradation of the organic phase. 

The aqueous to organic ratio (A/o) in the extraction step 
is most suitably lsi, but may lie in the range from 10 tl 
to 1»10, and preferably li5 to 5tl, The aqueous to 
organic ratio maintained in the scrubbing step may lie 
within the range from 1:5 to 1:200, bub preferably it is 
in the range of Its to ls20. 

The cobalt and/or manganese extracted into the loaded 
organic phase in the synergistic solvent extraction can be 

Bl\«u»«n£NkwQP\CSXk0 - - Cf» Ifci.dcC 27/07/Oq 
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rtcovered in dawnetrtam processing stages. 
Scrubbing 

The organic phase from tin synergistic extraction st*p of 
5 the invention ± m suitably subjected to scrubbing. The 
scrub solution may suitably be a process stream recycled 
from the process, and is preferably derived from an 
aqueous stream of a stripping stage (which may be a 
selective stripping stage) following the scrubbing stage. 

10 

Recovery of cobalt , manganese or both from scrubbed 
organic solution 

There are a number of options envisaged by the applicants 
for the recovery of cobalt, manganese or both from the 

15 scrubbed organic solution. One example for the situation 
where both cobalt and manganese are extracted (i*e. pa of 
aqueous phase in extraction is 5.5 to 7,0) is set out 
below. It is noted that other options within the skill 
and knowledge of those in the art could be used in place 

20 of the following, and are within the scope of the present 
invention* Moreover, different steps would be used for 
different leach solutions containing different levels of 
elements, or when other elements are desired to be 
recovered or removed. 

25 

Selective stripping to s eparate cobalt and manganese 
According to one embodiment of the invention, the organic 
phase containing cobalt and manganese is subjected to 
selective stripping to separate to a significant extent 

30 the cobalt and the manganese. The selective strip 

suitably involves contacting the organic phase from the 
synergistic extraction with an acidic agueous solution to 
yield (a) a loaded strip liquor containing manganese and 
(b) a selectively stripped organic solution containing 

35 cobalt (and zinc, nickel and copper, if they w«re present 
in the organic phase from the synergistic extraction) . 
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20 
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»xe acidic egueous solution for the selective atrip is 
euxtably sulphuric sola solution, although other agueaus 
acid solutions known in the art (such as hydrochloric) may 
ha used. The p H of tha acidic aeneous solution is 
suitably in the range of about 4.0 to 5.0, depending on 
the level of separation desired. Moat preferably, the pH 
is about 4.5. 

The combination of the described synergistic extraction 
with the selective strip of manganese from cobalt is a 
very useful combination, enabling the recovery of 
manganese and cobalt using only one solvent extraction 
circuit (although more than one circuit could be used if 
so desired with other process steps} . 

Other process details 

The synergistic extraction step of the present invention 
may be combined with different preliminary and following 
process steps for thm development of process suitable for 
th« recovery of cobalt and/or nickel when different 
impurity elements may be present. 

It will Jam well understood to persons skilled in the art 
of tke invention that scrubbing staves of the type well 
known in the art may be used for recovering elements even 
if the scrubbing stages are not specifically mentioned. 
The design of the optimum arrangement of scrubbing stages 
will depend on the specific agucous leach solution and the 
elements desired to be recovered therefrom (and target 
percentage recovery levels} . 



It is also an advantage of the present invention tuat 
cobalt can be separated from impurities contained in leach 
35 solutions without intermediate precipitation of the cobalt 
with other impurity elements and re-leaching of the 
precipitate to subsequently enable the removal of the 
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impurities- tthua, in a preferred embodiment of the 
invention, the process does nqt include a precipitation 
•top involving precipitation out of the target elements 
and re-leeching of the precipitate , 
5 • 

Examples 

The present invention will now be described in further 
detail with. rtf»r*noe to the following examples which 
demonstrate the underlying thaory behind, the invention, 
10 and how the invention is put into practice* 

Batch Pest work 

Example 1 - Extraction pH Isotherms of metals with 
Versafcio 10 / 1,1X63 synergistic system, 

15 

This example illustrate* that when carboacylic acid 
Vereatic 10 is used aa the extractant with no added 
synergist, the pft isotherms of the ^valuable" element a Zn, 
Ni, and Co are too cloae to the iaothexna of the 

20 * impurity* elements Hn, Ca and Mg for effective 

separation. However when a aynergiatic system comprising 
Versatile 10 and hydoxyoxime I.IX 63 is used, the isotherms 
of tha * valuable* elements On* Zn, Ni r and Co are 
stiff iciently separated from tha iaothezm of Hn to allow 

25 effective separation. Further, the Isotherm of Hn is 

fluff iciently aeparated from the isotherms of ca and Mg to 
allow effective separation. 

The agueous solution was a synthetic solution to simulate 
30 a typical laterlte leach solution containing 3 g/L Ni, 0*3 
g/Zi Co, 0.2 g/L Cu and Zn, 2 g/ii Hn, 10 g/x- Kg and 0.5 g/z. 
Ca. 

The metal extraction pK isotherma with tha 0.5 M Veraatic 
35 10 (carboacylic acid) alone were determined and plotted, aa 
shown in Fig. 1* The metal extraction pH isotherm* using 
the combination of 0,5 M Veraatic 10 and 0,35 M 1,1X63 
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( hydroxyoxlme ) w+re also determined and plotted in Figure 
2* Comparison of the tw figure* reveals that the 
combination of LXX63 with Versatic ID resulted in 
significant synergistic extraction isotherm shifts (to 
5 lower pH) for nickel, cobalt/ copper, «inc, and manganese 
and antagonistic shifts (to higher pH) for calcium and 
magnesium* As shown in Figure 2, with the 0,5 M Versatic 
10 / 0.35 XtXX€3 system, tha ApHso values of nickel, cobalt, 
copper, zinc, manganese and Ca were found to ha 2.8, 3-5, 
10 >2.0, 2.0, 1.2 and -0.5 pH units, respectively. 



pBso of metals from pH isotherms in glgg 1 and 2 



Metal 




ApH 5 o 


0.5M Versatic 10 


O.Stt Versatic 10 
+ 0.35H MX 63 


Ml 


6.2 


3.4 


2.8 


Co 


6.3 


2,8 


3.5 


CU 


4.1 


<2*0 


>2.0 


Zn 


5.7 


3.7 


2.0 


Mn 


6.5 


5.3 


1.2 


Ca 


7,0 


7.5 


-0,5 



Tha A0&5 O <H»-wi) value for tha 0.5 M Veraatic 10 / 0.35 M 
15 X.IX63 system was found to ba 1,9 pH unit* and the ApK f o {Ha - 
co) value 2.5 pH units, indicating* easy separation of 
nickel and cobalt from manganese, calcium and magna alum . 
The ApH 50 <c%-**> value for the 0.5 M Versatic 10 / 0.35 M 
Z.XX63 system was found to be 2.2 pH units, indicating easy 
20 separation of manganese from calcium and magnesium. 

Example 2 - Extraction kinetics with Versatic 10 / MCX63 
tfynergtstic system. 

25 This example illustrates that when the synergistic system 
comprising Versatic 10 and LIX 63 is used, cu. Go, Zn and 
Mn display fast extraction kinetics, while tha extraction 
kinetics for Hi are slow. Hence thifi system is 
potentially suitable for Cu, Co, Zn and Mn recovery when 

3D the leach solution contains little Ni« 
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Tents were conduct** to establish the extraction kinetics 
of the metals in the synthetic laterite solution using 
Versatic 10/1.1X63. The extraction kinetic- of copper, 
5 cobalt, zinc (and manganese - see Example 6 and Fig 8) 
were found to be fast and the extraction kinetics of 
nickel we found to be relatively sic* 3 J . within 

30 seconds, only 55V Ni was extracted and within 2 
minutes, only 74*. it is noted that Ha and Zn are crowdsd 
10 out as wi extracts. 

Bxanple 3 - Stripping kinetics with Versa tic 10 / MX63 
synergistic system. 



15 



20 



35 



This example illustrates that when the synergistic system 
comprising Versatic 10 and MX 63 is used, Cu, Co, an and 
mn display fast stripping kinetics, while the stripping 
kinetics for Ni are slow. Hence this system is 
potentially suitable for Cu, Co, Zn and Mn recovery when 
the leach solution contain* little Hi. 



Tests were conducted to determine the -tripping kinetics 
of the metals from the 0.5 M Versatic 10 / 0.35 M MX63 
system using a strip solution containing 5 g/i. Ni and 10 
25 g/x. auipkuric acid (Fig. 4) . The stripping kinetics o£ 

copper, cobalt and sine were fast. The stripping kinetics 
of nickel were slow, with only 18% of the nickel being 
stripped after 3 minutes of mixing. 

30 example 4 - stripping of cobalt from MX63 alone and 
Versatic 10 / MX63 syst< 



This example illustrates that wnen.the synergistic system 
comprising Versatic 10 and MX 63 is used, Co displays 
fast stripping kinetics, however when MX 63 alone is 
used, Co cannot be readily .tripped thus making MX 63 
alone an unsuitable extractant for Co-Containing 



Hi\*uhbi)\u*(>vc$1K0 - MJ7«0 - Cu sn.doe 17/17/04 
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solutions. 

Cobalt: (XX) can poison hydroxyoxime r&a.ffmnbm suah as 1*1X63* 
This means that once cobalt: (II) is extracted by 
' 5 hydroxyoxime reagent* (and oxldisas Co Co{XXX)}, it cannot 
be stripped with concentrated acids • Tewt * war* conducted 
to see what ha r the m system results in ooba.lt poisoning 
of tha extractant/ synergist. • 

10 P&rallal teats ware conducted with 0*35 M XiXX63 alona and 
0-5 M Veraatic 10 / 0.35 M 1,1X63 systems by mixing the 
organic aolutions with, aqueous solution containing cobalt 
{Fig * 5) - The organic and aqueous solutions war a left in 
contact with air babbling for 76 hours. Thereafter, a 

15 sulphuric acid solution of 100 g/1 pulphuric acid waa usad 
to atrip cobalt from tha loaded organic solution aampleu 
Tha cobalt stripping efficiency from the 0.35 M 2JXX63 
alona system was only 29-2% after 10 minutes stripping * 
Tha cobalt stripping efficiency for tha 0*5 H Vereatic 10 

20 / 0*33 m LIX63 system was 99. 5*. This indicates that 

cobalt (XX) does not poison tha Versatic 10 / LXX63 system* 

Kx&mple 5 - Extraction pH Isotherms of metals with 
Varoatic 10 / &XX63 system. 

25 

This example illustrates that whan Versatic 10 is used as 
the extract ant with no added synergist, tha pK isotherm of 
Mn is too close to the isotherms of the ^impurity 
elements' Ca and Kg for affective separation. However 
30 when the synergistic system comprising Versatic 10 and i*XX 
63 is used, the isotherm of Ma is sufficiently separated 
from the isotherms of Ca and Mg to allow effective 
separation. 

35 The aqueous solution was a synthetic solution to simulate 
a typical waste laterite leach solution containing 1.46 
g/Xi Mn, 17,6 g/fc Mg and 0.54 g/fc Ca* 
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She extraction pH isothenu mre determined £or o.S M 
Versatic 10 alone and 0.5 M Versatic 10 / 0.2 M 1,1X63 
systems and shown in Pigs. 6 and 7, respectively. The 
pHso ( «a) decreased from 6.9 to 5.6 pK units while the 
positions of isotherms of magnesium and calcium remained 
virtually unchanged. At pH 6.5, the extractions of 
manganese, calcium and magnesium were 17.9%, a. 84% (or 46 
ppm) and 0.16% (or 82 ppm), respectively, for the Versatio 
10 alone syst«o while the extractions of manganese, 
calcium and magnesium were 87.3%, 2.41% (or 39 ppm} and 
0.05% (or 26 ppm), respectively, for the Versatic / LXX63 
system, This indicates that the selectivity of Versatio 
10 for manganese over magnesium and calcium was very 
15 greatly improved. 

g3CM y 1 * £ ~ attraction kinetics with Versatic 10/ &XX63 
system . 



10 



20 



25 



30 



35 



This example illustrates that when the synergistic system 
comprising Versatic 10 and Mac 63 is used, Mn displays 
fast extraction kinetics. Hence this system is suitable 
for Ma recovery. 

The extraction kinetics of the metal* in the synthetic 
waste laterite leach solution using the 0.5 M Versatic 10 
/ 0.2 M £1X63 system were determined and graphed in Fig. 
B» As shown, the extraction kinetics of manganese were 
fast, within 0.5 minutes, the system almost reached 
equilibrium with manganese extraction of 80%. 

E3caM P l9 7 - Stripping kinetics with Versatic 10 / 1,1X63 
system. 

This example illustrates that when the synergistic system 
comprising Versatic 10 and LIX 63 is used, Mn displays 
fast stripping kinetics. Hence this system is suitable 

HAsusnnrVkecpXCSlRa ^ »537«y - Co Mi. dec 37/07/04 
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for Mn recovery. 

The stripping kinetics of Che manganese in the loaded 0.5 
M Versatic i0 / 0.3 M 1,1X63 system were determined using t 
•trip solution containing 60 g/L Mn end 35 g/L sulphuric 
ecid end graphed in Fig, 9. As shown, the stripping 
kinetics of manganese were Cast. Within 0.5 minutes, the 
system almost reached equilibrium with manganese 
extraction of 99\. 

Process Flowcharts 

Xat **fr 1 * £ ~ Process for separation and recovery of cobalt 
and manganese from leach solutions. 

Based on the above findings, a new direct solvent 
extraction (DSX) process flow sheet Wee designed. The 
flow sheet is shown in Figure 10. 

&eaeh solution 

The leach solution contains manganese and cobalt, as well 
«s the impurity elements calcium and magnesium, but little 
or no capper, sine or nickel, a suitable solution 
composition for this flow sheet may comprise Co > 200 ppm, 
•to > 1 g/x., ca < 50 g/t. ( C a will be < 1 g/L i n sulphate 
solutions) , Mg < 100 g/L, Cu, 2n and Mi < 100 ppm (or of 
no economic value) . it is noted that the flow sheet is 
not limited to such leach solutions, and the leach 
solutions may comprise different levels of the given 
elements, optionally together with further impurity 
30 elements. This leach solution is one that may have been 
subjected to preliminary neutralisation with limestone at 
PS 4.5 - 5.0 to precipitate impurity elements Fe (111), 
Al, si and Cr. 



20 



25 



35 



Synergist solvent extraction (SSx kx) 

in the synergistic solvent extraction step, an organic 
solution of oarboxylic acid (Versatic 10) and a 
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h&teomxiM* (MX 03) in organic diluent Shellsol 204S is 
contacted wilA the leach solution at pH 6 - 6.5 to obtain 
(a) an aqpxeous raffinate containing magnesium and calcium, 
*nd (b) a loaded organic Solution containing almost all of 
5 the cobalt and manganese, and only minor levels of calcium 
and magnesium. 

Scrubbing (sc> 

The organic solution from the extraction step is subjected 
10 tp scrubbing at pH 5.5 - 5 using a sulphate solution 

containing a small amount off manganese from the next step 
o£ stripping 1, resulting in <a) a scrubbed organic 
solution containing cobalt and manganese, and (b) a scrub 
licmor which is recycled to the synergistic solvent 
IS extraction step*. 

Selective stripping (ST1) 

The scrubbed organic solution is subjected to stripping 1 
(selective strip) using a sulphuric acid solution at pH 
20 between 4.0-5,0 resulting in (a) a loaded strip liquor 
containing manganese, and (b> a stripped organic solution 
containing mainly cobalt and only a very small amount of 
manganese. 

25 The loaded strip liquor is sent to manganese recovery, 

with one stream returning to the previous scrubbing stage. 

Scrubbing (SC2) 

«ne organic solution from stripping 1 is subjected to 
30 scrubbing 2 at a pM of 3.5 - 4.0 using the aqueous strip 
liquor from a subsequent stripping stage (stripping 2)* 
This step results in (a) a scrubbed organic solution 
containing cobalt, and (b) a scrub liquor Which is 
recycled to the original synergistic solvent extraction 
35 stage to maximize cobalt recovery. 

Stripping (ST2) 
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She scrubbed organic solution is subjected -to stripping 2 
using sulphuric acid solution at pH between 2.0 - 2.5* 
The cobalt recovered in this stripping stage is optionally 
subject**! to zinc/copper/nickel ion exchange to enable 
5 removal of any sine, copper and nickel impurities present. 
The zinc, coppar and nickel is disposed of, and the cobalt 
is sent to cobalt recovery by any process known in the 
art. One example is cobalt precipitation using base or 
sulphide. 

10 

ifefcgjgglej* - Process for separation and recovery of cobalt 
from leach solutions. 

An alternative solvent extraction process flow sheet was 
IS formulated for the recovery of cobalt from leach solutions 
containing impurity elements manganese , calcium and 
magnesium, with little or no copper, sine or nickel „ This 
flow sheet is shown in Figure 11 , a typical solution 
composition for which this flow sheet could be applicable 
20 comprises Co > 200 ppm, Kn < 100 g/I», Ca < 100 g/x. (Ca 

will be < 1 g/fc in sulphate solutions). Kg < 100 g/fc, Cu r 
Zn and Hi < 100 ppm (or of no economic value) . Of course, 
variations in this solution composition are possible. 

25 The plant leach solution IPisB) is adjusted to a pn between 
4.0 - 5.0 and subjected to the synergistic solvent 
extraction (BSX) described in relation to Example $ above « 
The organic phase contains the cobalt (as well as zinc, 
copper and nickel to the extent that these are present) 

30 and a minor level of manganese. The aqueous raffinate 
contains magnesium, calcium and manganese 

scrubbing is conducted as described above in relation to 
Example 8, at pH 3.5 - 4.5, yielding (a) a scrubbed 
35 organic solution containing principally cobalt, but also 

zinc, copper, and nickel in very low quantities if present 
at all in the plant leach solution, and (b) a scrub liouor 

Ht \5U«A*ip\hw. £ ACSI*0 - »*174D - Hn»do« 27/07/04 
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which in recycled to the original synergistic Bolvent 
extraction stage to maximize cobalt recovery* 
The organic phase of the scrubbing step contains cobalt, 
end possibly sine, nickel ana copper, which is then 
5 subjected to stripping with sulphuric acid at pH between 
2.0 and 2.5. *Phe loaded strip liquor is sent to cobalt 
recovery (with one stream returning to the previous 
scrubbing stage), optionally via ion exchange, with the 
organic phase returned to the synergistic solvent 
10 extraction. 

S£affiSi2L-iS - Process for Separation and Recovery of 
Cobalt, Copper and zinc. 

15 Figure 12 details a process flow sheet which is a 

variation on that illustrated in Figure 11, and described 
in Example 9 above. 

Thm process of Figure 12 is suitable for recovering 
20 copper, cobalt and sine from leach solutions that contain 
impurity elements manganese, calcium and magnesium, with 
little or no nickel* X solution composition to which this 
process may suitably be applied contains the followings Cu 
* 500 ppm, Co > 200 ppm, Zn > 500 ppm, Ma < 100 g/fc, Ca < 
25 100 */& (Ca will be < l g/i, in sulphate solutions) , Ng < 
100 Q/h and Ni < 100 ppa (or of no economic value) . Of 
course, variations in this solution composition are also 
envisaged. 

30 The plant leach solution is subjected to copper solvent 

extraction and copper electrowinning. Whe leach solution 
containing reduced levels of copper, and all other 
elements, is then subjected to iron and aluminium 
precipitation (Fe/Al PPT) by neutralising the leach 

35 solution with limestone to a pH of between 4.0 - 3.0 to 
precipitate iron and aluminium. Thm leach solution is 
then subjected to the synergistic solvent extraction. 
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scrubbing an4 stripping a. described in relation to 
Kxample 9 and Figure n above. Ab will be appreciated, 
any copper and sine still present reports to the phases to 
which the cobalt reports. 

The aqueous phases collected from scrubbing and stripping 
contain cobalt , ainc and minor levels of copper, together 
with any levels of nickel which nay be present. The 
aqueous liquor is subjected to sine solvent extraction to 
remove zinc therefrom for recovery. Thereaf ter, the 
cobalt (and nickel and copper) containing solution is 
subjected to nickel and copper ion exchange to enable 
nickel and copper removal and disposal. Thereafter, the 
cobalt is recovered. 



* 3Kuapla 11 ~ Process for separation and recovery of 
manganese from leach solutions. 

A new solvent extraction process flow sheet was developed 
20 for recovering manganese from leach solutions chat contain 
the impurity elements calcium and magnesium, with little 
or no copper, sine, cobalt or nickel. "Phis is set out in 
Figure 13. a typical solution composition which may be 
subjected to this process may comprise Ma > 1 B /l,j Ca < So 
ff/Xi (Ca will be < x g/t, in sulphate solutions) Mg < 100 
gf*r Cu, Zn, Co and Hi < loo ppm (or of no economic 
value). Of course, variations in this solution 
composition are envisaged. 



The leach solution, which may have been subjected to 
preliminary processing steps, is subjected to synergistic 
solvent extraction with the Versatic 10 / LIX 63 
synergistic system, with the aqueous phase adjusted to a 
PH between 0.0-7.0. The aqueous raffinate contains 
calcium and magnesium, and the organic phase contains 
manganese, with minor levels of calcium of magnesium. The 
organic phase is subjected to scrubbing using a scrub 
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solution at p h between 6.0-6.5. The scrub solution is 
stream of the nanguau sulphate solution generated in a 
subsequent .tripping statre. *he organic phase from the 
■drubbing stage containing manganese is .pant to stripping 
and the aqueous scrub liquor is recycled to the 
synergistic solvent extraction stage. 



Stripping in performed on the organic phase using 
sulphuric acid at P n between 3.0-4.0. *he aqueous strip 
liguor is optionally subjected to sulphide precipitation 
to remove any copper, zinc, cobalt or nickel impurities 
present, and the manganese sent to manganese recovery. A 
stream of the strip liquor is recycled to the scrubbing 
stage. This prooesa is particularly suited for situations 
15 vhera the manganesn value in acceptable, making it 

desirable to recover the manganese from a leach solution. 
If tha leach solution contains appreciable levels of 
cobalt, and other elements having pH Isotherms similar to 
cobalt, then the process of Example 8 and Figures 10 would 
20 be more suited. 



It will be understood to persons skilled in the art of the 
invention that many modifications may be made to the 
embodiments described without departing from the spirit 
and scope of the invention. 
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